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Flight Software

* Reguirements Traceability
— DTRD Section 3.4.1 (Derived)
— DTRD Section 3.4.2 (Derived)
— DTRD Section 3.4.3 (Derived)
— DTRD Section 3.4.4 (Derived)
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Flight Software

e Design Selection
— Development Trade Studies

 Modify LDB Software
* New Software Development
— Considered Operating System, Language, Design
— Input from GSFC Code 582, PSL
— Selected Design
e Operating System: VxWorks
— Purchased for December Delivery
 Language: C
— Extensive Support Base
— Extensive In-House Experience



ULDB
PDR

Flight
Software

Roger Mason
Dwayne Morgan
Code 584
November 4-5, 1998

Flight Software

* Flight Software Functional Grouping

Main Control Process

» The main control process will provide timing, control, and
coordination to the other processes.

Data Acquisition Process

» The data acquisition process will acquire data from the
science redundant flight processors, all housekeeping
ballooncraft subsystems, and status indicators from the
communication links,

Data Formatting Process

« The dataformatting process will format all data for
logging to hard drive and downlinking to ground
telemetry systems.

Data Logging Process

« The datalogging process will log science, science
housekeeping, all commands received and executed, and
ballooncraft housekeeping data to the hard drive.
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Flight Software

Data Playback Process

» The data playback process will locate previoudly logged
data by indexing the GMT timestamp and transfer logged
data to the Communications Link Process on command.

Command Acquisition Process

« The command acquisition process will acquire incoming
commands by polling the command uplink systems.

Command Processing Process

e The command processing process will verify and echo
received commands and route them to their appropriate
target system.

1553B Bus Communications Process

» The 1553B bus communications process will control all
communications between the systems on the 1553B bus.
The redundant flight computers and science computers,
and the TDRSS transceiver status will be connected via
1553B bus.



Flight Software

ULDB
PDR — Communications Link Process
e The communications link process will control the transfer
of formatted datato the TDRSS, ARGOS, INMARSAT,
and LOS downlink systems.
Flight — Miscellaneous Calculations Process
Software » The miscellaneous calculations process performs the
Autoballaster and INMARSAT Satellite Selection
calculations.

— The autoballaster function controls the dropping of ballast
from the ballast hopper.

— The INMARSAT satellite selection function uses the
INMARSAT satellite selection algorithm to determine the
best look angle for communicating with the INMARSAT
satellite network.

Roger Mason
Dwayne Morgan
Code 584
November 4-5, 1998




Flight Software

ULDB — Ground Interface / Diagnostics Process

PDR » The ground / diagnostics process will provide a serial
communication capability for ground diagnostics and pre-
flight operations.

Flight
Software

Roger Mason
Dwayne Morgan
Code 584
November 4-5, 1998
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Flight Software
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Command Processing Process Main Control Process
Flight
Software
£ Control: Requirements Satisfied:

Start Process FSW-GEN-00110

FSW-GEN-00120

Stop Process FSW-GEN-00210

Raise/ Lower Priority FSW-GEN-00225

FSW-GEN-00230

Request Priority Change ESW-GEN-00235

N T— Request a Senice FSW-GEN-00250

v -GEN-
Roger Mason oc Request a Status FSW-DAT-00460
Dwayne Morgan FSW-DAT-00470
Code 584 Read Status

November 4-5, 1998



Flight Software

ULDB
PDU & HSK Stacks
PDR >
GPSADU
>
Rotator
>
Balloon Control (CAP, UTP) . g
»  DataAcquisition
TDRSSACU > Process Data Formatting Process
i ARGOSPTT
Flight >
Software | |nmARsSAT q
1553B Bus Communications Proceﬁs»

Control: Requirements Satisfied:
Start Process FSW-DAT-00110
FSW-DAT-01110
Stop Process FSW-DAT-02110
Raise/ Lower Priority FSW-DAT-02120
o FSW-DAT-02130
Request Priority Change FSW-DAT-02140
Main Control Process Request a Service FSW-DAT-02150
FSW-DAT-03110
Roger Mason Request a Status FSW-DAT-03120
Dwayne Morgan Read Status FSW-DAT-03130

Code 584
November 4-5, 1998

FSW-DAT-03140
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Flight Software

Data Formatting

Data Acquisition Process

> Process

Data L ogging Process

Communications Link Process

Control:

Start Process

Stop Process

Raise/ Lower Priority
Request Priority Change
Main Control Process Request a Service
Request a Status

Read Status

Requirements Satisfied:

FSW-DAT-00210
FSW-DAT-00220
FSW-DAT-00230
FSW-DAT-00240
FSW-DAT-00320
FSW-DAT-00330
FSW-DAT-00340
FSW-DAT-00350

10



ULDB
PDR

Flight
Software

Roger Mason
Dwayne Morgan
Code 584
November 4-5, 1998

Formatted B/C PDU & HSK Data

Formatted Science HSK Data

Main Control Process

Flight Software

Formatted Science Data >
Received Commands >
Autoballast Data >

Data Logging Process

Datato be Logged -

Hard Drive

Datato be Logged

<

Control:

Start Process

Stop Process

Raise/ Lower Priority
Reguest Priority Change
Request a Service
Request a Status

Read Status

Requirements Satisfied:
FSW-GEN-00130
FSW-DAT-00310
FSW-CMD-00710
FSW-CMD-00720

11
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Command Processing Process

Flight Software

Datato be Played Back -

<

Hard Drive

Main Control Process

» Data Playback Process

Datato be Played Back

Control:

Start Process

Stop Process

Request Priority Change FOW-DAT-004%0
Regquest a Service

Request a Status
Read Status

Raise/ Lower Priority Requirements Satisfied:

12
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Flight Software

LOS Commands

Command Processing Process

Main Control Process

P
INMARSAT Commands >
TDRSS Commands R Command Acquisition
Process
Iridium Commands
P
Data Acquisition Process (GPS Timeg
Control:
Start Process
Stop Process

Raise/ Lower Priority
Request Priority Change
Request a Service
Request a Status

Read Status

Requirements Satisfied:
FSW-CMD-00020
FSW-CMD-01110
FSW-CMD-01120
FSW-CMD-01210
FSW-CMD-01220
FSW-CMD-01240
FSW-CMD-02210

13
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Command Acquisition Process

Main Control Process

Flight Software

Communications Link Process

Command Processing
Process

Data L ogging Process

1553B Bus Communications Proc&ss

Balloon Control (CAP, UTP)

PDU & HSK Stacks

Rotator

Flight CPU Commands

Control:

Start Process

Stop Process

Raise/ Lower Priority
Request Priority Change
Request a Service
Request a Status

Read Status

Requirements Satisfied:

FSW-CMD-00010
FSW-CMD-01130
FSW-CMD-01150
FSW-CMD-01170
FSW-CMD-00220
FSW-CMD-00310
FSW-CMD-00330
FSW-CMD-00410
FSW-CMD-00510
FSW-CMD-00610
FSW-CMD-00630
FSW-CMD-00740
FSW-CMD-00820

FSW-CMD-00110
FSW-CMD-01140
FSW-CMD-01160
FSW-CMD-00210
FSW-CMD-00230
FSW-CMD-00320
FSW-CMD-00340
FSW-CMD-00420
FSW-CMD-00520
FSW-CMD-00620
FSW-CMD-00730
FSW-CMD-00810
FSW-CMD-00830

14
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Flight Software

Command Processing Process

>

Science CPU

Flight CPU

TDRSS Status

& Mode Control

1553B Bus
Communications
Process

Data Acquisition Process

<

>

Command Acquisition Process

Main Control Process

Control:

Start Process

Stop Process

Raise/ Lower Priority
Request Priority Change
Request a Service
Request a Status

Read Status

>

Requirements Satisfied:

FSW-GEN-00215
FSW-GEN-00220

15
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Flight Software

Data Formeatting Process

>

Command Processing Process

>

TDRSS | Ch. Datalnterface Board»

TDRSS Q Ch. Data Interface Board»

TDRSS Data I nterface Board

Main Control Process

INMARSAT >
CommunicationsLink | .
Process >
LOS: WFF-93 Encoder
>
ARGOSPTT (Telonics ST-13) >
Control:
Start Process Requirements Satisfied:
Stop Process FSW-DAT-03150

Raise/ Lower Priority
Request Priority Change
Request a Service
Request a Status

Read Status

FSW-DAT-00410
FSW-DAT-00420
FSW-DAT-00430
FSW-DAT-00440
FSW-CMD-01230

16
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Data Acquisition Process

Flight Software

Data L ogging Process

Miscellaneous

Main Control Process

> Calculations
Process

>

Command Link Process

Control:

Start Process

Stop Process

Raise/ Lower Priority
Request Priority Change

Request a Service
Request a Status
Read Status

>

Requirements Satisfied:

FSW-MSC-00110
FSW-MSC-00120
FSW-MSC-00130
FSW-MSC-01110
FSW-MSC-01120
FSW-MSC-01130
FSW-MSC-02110
FSW-MSC-02120
FSW-MSC-02130
FSW-MSC-00210
FSW-MSC-00220

17
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RS-232 Interface / Laptop

Data L ogging Process

Main Control Process

Flight Software

Ground Interface/
Diagnostics
Process

Command Acquisition Process

Control:

Start Process

Stop Process

Raise/ Lower Priority
Request Priority Change
Request a Service
Request a Status

Read Status

Requirements Satisfied:

FSW-GEN-00245

18
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e Reguirements Map for Preliminary S/'W Design

Flight Software

— 1 Main Control Process

FSW-GEN-00110
FSW-GEN-00120
FSW-GEN-00210
FSW-GEN-00225
FSW-GEN-00230
FSW-GEN-00235
FSW-GEN-00240
FSW-GEN-00250
FSW-DAT-00460
FSW-DAT-00470

— 2 Data Acquisition Process

FSW-DAT-00110
FSW-DAT-01110

19



Flight Software

. FSW-DAT-02110
ULDB . FSW-DAT-02120
PDR . FSW-DAT-02130
. FSW-DAT-02140
. FSW-DAT-02150
. FSW-DAT-03110
Flight . FSW-DAT-03120
Software . FSW-DAT-03130

« FSW-DAT-03140
— 3 DataFormatting Process
« FSW-DAT-00210
« FSW-DAT-00220
« FSW-DAT-00230
« FSW-DAT-00240
Roger Mason « FSW-DAT-00320

Dwayne Morgan

November24:(-)5(31,6132181 ¢ FS\N' DAT'OOSBO
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Flight Software

FSW-DAT-00340
FSW-DAT-00350

— 4 DatalLogging Process

FSW-GEN-00130
FSW-DAT-00310
FSW-CMD-00710
FSW-CMD-00720

— 5 Data Playback Process

FSW-DAT-00450

— 6 Command Acquisition Process

FSW-CMD-00020
FSW-CMD-01110
FSW-CMD-01120
FSW-CMD-01210
FSW-CMD-01220
FSW-CMD-01240

21



Flight Software

ULDB « FSW-CMD-02210
PDR — 7 Command Processing Process

« FSW-CMD-00010
* FSW-CMD-00110
* FSW-CMD-01130

Flight e FSW-CMD-01140
Software * FSW-CMD-01150
* FSW-CMD-01160
* FSW-CMD-01170
* FSW-CMD-00210
* FSW-CMD-00220
* FSW-CMD-00230
« FSW-CMD-00310

e o * FSW-CMD-00320
O de S84 * FSW-CMD-00330

November 4-5, 1998




Flight Software

ULDB  FSW-CMD-00340
PDR « FSW-CMD-00410
 FSW-CMD-00420
 FSW-CMD-00510
 FSW-CMD-00520
Flight  FSW-CMD-00610
Software  FSW-CMD-00620
 FSW-CMD-00630
« FSW-CMD-00730
 FSW-CMD-00740
 FSW-CMD-00810
 FSW-CMD-00820
 FSW-CMD-00830

Roger Mason — 8 1553 Bus Communications Process
e ode 264 « FSW-GEN-00215

November 4-5, 1998




Flight Software

ULDB  FSW-GEN-00220

PDR — 9 Communications Link Process
« FSW-DAT-03150
« FSW-DAT-00410
« FSW-DAT-00420
Flight « FSW-DAT-00430
Software « FSW-DAT-00440

e FSW-CMD-01230
— 10 Miscellaneous Calculations Process
e FSW-MSC-00110
e FSW-MSC-00120
e FSW-MSC-00130
e FSW-MSC-01110
Roger Mason e FSW-MSC-01120

Dwayne Morgan

Code 584 b FS\N'M SC‘OllBO

November 4-5, 1998
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Flight Software

FSW-MSC-02110
FSW-MSC-02120
FSW-MSC-02130
FSW-MSC-00210
FSW-MSC-00220

Ground Interface / Diagnostics Process
FSW-GEN-00245

25
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Flight Software

e Order of Implementation
— Phase |

Main Control Process
Data Formatting Process
Data Logging Process
Data Acquisition Process
Data Playback Process

— Phasell

1553B Communications Process
Command Processing Process
Command Acquisition Process
Communications Link Process
Miscellaneous Calculations Process
Ground Interface / Diagnostics Process

26
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Flight Software

Risk Assessment

Substantial Development Effort.
Learning Curve associated with VxWorks.

Short Schedule for Development, Integration, and
Testing.

Mitigation/Reliability

Modular design lends itself to effective addition of
manpower.

COTSRTOS
Support and possible code reuse from Code 582.
Reused code may be flight proven.

27



